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We, E.I. Du Font De Nemours and 
Company, a corporation organised and exist- 
ing under the jaws of the State of Delaware 
United States of America, of Wilmington. 
Mate ot Delaware. United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to 
us. and the method by which it is to be per- 
formed, to be particularly described in and 
oy the following statement: — 

Electrical cable is used generally for either 
communications purposes or for the trans- 
mission of power. Communications cable Is 
commonly operated at low voltage but some- 
times at high voltage; pov/er cable is oper- 
ated at high voltage. Such cables are con- 
sidered generically herein as electrical energy 
transmission lines. 

Electrical energy transmission lines com- 
pnre inner conductor(sX dielectric space 
material, and an outer protective coating. 
Such outer protective coatings may be either 
conductive or insulating, electrically. 

Such lines comprising conductive outer 
protective coatings include the following. 
Fower cable generally consists of at least 
one mner conductor spaced from and en- 
veloped by a coextensive running outer con- 
ductor, also called a neutral or ground con- 
ductor or neutral shield. Communications 
cable likewise generally consists of at least 
one mner conductor and enveloping coexten- 
sive running ^outer conductor spaced from 
IPrice ' - - — 



the inner conductor. Generically, the outer 
conductor of either the power cable or the 35 
communications cable is considered herein 
as the shield conductor. For either power 
or communications cable, when the inner 
conductor and shield conductor are concen- 
tric with one another, the inner conductor 40 
can be called the central conductor, and 
the transmission line can be called coaxial 
c^ble. It is common, however, for more 
than one inner conductor to be present 
within a single shield conductor, with the 45 
inner conductors being spaced from each 
other as well as from the shield conductor. 
Examples of sudi energy transmission lines 
mclude sector power cables, either belted 
or shielded, and quaded pair and balanced 50 
parallel wire communications cables. 

The second type of energy transmission 
line mentioned above is that in which one 
or more inner conductors are covered with 
an outer protective coating which is an in- 55 
sulator (i.e., nonconductor), instead of a 
shield conductor as discussed above. An 
example of the second type of h'ne is the 
balanced twin-lead transmission line some- 
times called parallel two-wire cable, used 60 
for communications purposes. 

Each of the various types of lines dis- 
cussed hereinbefore may be combined with 
lines of the same and/or different type to 
satisfy the requirements of particular appli- 65 
cations. 
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In each of the various types of electrl^l 

the conductors from one another. 
Two criteria by which such diekctric 

material to withstand electrical stress and 
TcSated as voltage at breakdown d^ed 
hv thickness of the dielectric material, 
dkc ric sfreng^h determines the maximum 
oSSg volta'ge of the line, which ^ 
maximum voltage at which the hne yui 

Heretofore the dielectric spacer material 
inllecSSl'energy transmission hues ^as 
been provided in two S«>eralways(l) as a 
combmation system ot a fluid (e.g.. air or 
fiffi of Mgher dielectric sttength such ^ 
nuiQ o'-_^"5??_. ,f:„wtr;^ rasl with a solid 
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ChV o^^Sed dld^Sri; gas) with 
sSucLrc used to position the conductors 
Shan?ca«y. or (2) as a solid structure by 

'*1n the combination fluid-solid system, the 
fluids, parUcularly ah- which is common^ 
used in communication cable, are susceptible 
to breakdown under high "nP?^ 
45 such as occurs when lightning stnkffi iffiarbv. 

S solid structures tyP«a^y "^f jj^- 
combmation system are suscepUble to jur 
Skins (i.e.. formation of a ^ndu^ 
live oath across nonconductive suriace; 
50 SchToth lowers the maximum operating 
!!,w/nf the line and increases its energy 
S ftefattS ift"ct resulting from electrical 
SscominuiUes in the electrical fidd sur- 
rounding the inner conductor. 
55 The solid structure used by itself is gener- 
ally dielectric polymeric matenal. which 
may be eitiier blown or ""blown When 
blov/n, the volume of gas present m the cells 
v/E the polymeric matenal is less than 
60 S^n l^e^ combination system discussed 
l^ve While the polymeric matenal is 
m^rVesistant to electri^l breakdcv-/n than 
tf^^irid-soUd combination discussed above, 
t has a relatively high dielectric constant. 



thereby decreasing the critical length of the 

"°fhe present invention provides an im- 
rro'S afelectric spacer structure tor. use m 
ffiSal eneray transmission lines incmd- 
fna biu not itmitcd to, the various cables 

feeinbefore J^'^.t ? rib 

structure of this invention compiises a no 
tr^n nf dielectric polvmenc material, the 
ribbon having a continuous uniplanar Him 
and J Piurality of ribs extending from at 
last one surface of the fi m. the bulk oen- 
sitv of the ribbon being less than 30/o oi 
the den it? of the polvmenc mateml from 
"-Iiich it is formed. The ribbon is employed 
o wrap inner conductors to separate aud 
(SecTricallv insulate the inner conductors 
?r^m one ano"her when more than one inner 
cond\X'r'b present, .-d to sepa^a^^^^^ 
insulate inner conductor(s) from the outer 
protective coating (either shield conductor 
or insulator). . 

In one embodiment of this invention, the 
ribbon wrapped around the inner conductor 
forms a dfecontinuous ayer. while m an- 
other embodiment the ribbon forms a con- 
^nuouc laver A discontinuous layer can 
be formid-' by wrapping the ribbo" '„ - 
open helix around the inner ^onduc^nk bv 
form of continuous layer is obtained by 
wi^ping ribbon in the form of a ciosed 
helix arSund the imier conductor Anodier 
form of continuous layer is ,9'^'f/"|d. 
vvrapping of ribbon m longitudinally-folded 
or clarrtte paper wrap fashion (see Figure 
P) around the inner conductor, 
"xhe film that is present at all Points be- 
tween the inner conductor ^nd outer o^^^^ 
in-' in the continuous layer embodiment is 
an= 'effective , barrier agmnst w^^down 
caused bv high impulse voltages. The spaas lu 
h-tween'iibs of die ribbon may be filled 
whh a^r or a fluid of higher dielectric 
strength such as gas. 

In either the discontinuous layer or tJie 
continuous' layer embodiments, ajlur^uy UO 
of such layers of ribbon can be used, wiien 
the ribbon is wrapped helically, die direc- 
tion of he icai wrap .n each successive layer 
Sdther be reversed from tiiat in the pre- 
^ouflay4r or be in the same direction as 115 
the previous layer. Film is present ai a.l 
polnS between-^ the nmer conductor and 
outer coatina, when for a plurality of laye.s 
Cf open heli--ciil wrapping, the turns of each 
succ^ing layer are offset from the tuins l^u 
oTtlP^'re-eding laver in the same direction, 
L^ tiii turns of onb laver straddle the^ace 
bet'"een the turns of the preceding la^er in 
The same direction, providing at least one 
rib on each side of the space Jhe same i^:> 
kind of offsetting can be emplo^'ed fo. con 
tinuous la>-ers of v.rapping: "^.^^^t 
layers of one type of wrapping can be com 
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laver^^nf '"iil' * suflScient number 6t 
layers of nbbon are present to divide ihe 

Tr,^ n f " ^'^^'^^ inner?onductS 

Trie soacef ^''^^e ^«"'en- 

r"SL'e??hr* conductors whicht^ 
TTim fhf KK*^^ ^P'^^ inception voltage. 
Sxim,™ be used to increase the 

len^h' nf partially cut-away view of a 

Da?Sf o„!f lo'' ^"'^/Sfl perspective view of 

rib^?"f^ ^^"^^ l""^^^^ embodiment of 
liventioS' "'^PP-S in this 

' rre^&^^gr'^""'^^^^^^^^^^ 

KG. 6 IS a partial cross-section of a trans- 
S hZhI^ employing another emt^S^at 
40 of RgI: ^^'th the ribbon 

FIG. 7 is a perspective view of another 

in tlie present invention- 

roe's Vmo'^^ <=''°«-^tion one embodi- 

^ a"ppiafus"f Fro^. g?^"^^^ '^^ 

An,S cross-section another 

embodiment of apparatus for use ^ the 
apparatus of FIG. 8; 

lat?Slv '^nnl''"'^^' embodiment for 
S5 confining molten thermoolastic 

makin " r1Sho"'"^'/"f °C patteS fS 
maKing ribbon useful in the present inven- 

rJhw" l^- " ^ partially cut-away view of 
60 w?J^"f«.^'"^ r^PP«^ cigarette paper 
^rap fashion about a central conductor; 

aSne ,'tl?3tf'^^'' -oss-section taken 

,1^^^ partially cut-away view of 

^5 thirLve^SS?""^"* °' l-e o1 
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irFJJ^- ^-^ \ ^ partial cross-secUon of a 
wi.pp.ng with ribbon of thi t^lho^^^J 
FIG. 16 shows schematically wrannina 
bodiSSbr ^^^^^ still ^oTO 

ducS Of' S °^ 

a s?c?or ? 'schemaUc cross-section of 

fnveSnf '"corporatmg features of this 

ut^ISm}, '1^. schematic cross-section of an 
t"ons £?^ *^^^"'^''.*^'"-l«a<^ commuScl" 85 

nf^?;o^^ — ^ parti- lly cut-away view 
of a transmission line formed with wrannert 
discontinuous layers of ribbon. ^^^'^ go 

enJe sSS°^ ''"^^^''Ss. for conveni- 
^P^mc reference is made to oower 

Refernng to the drawings, FIG 1 shows 
a transmission line 2 consTsdng of a sS 

fnner"or'i„\{!^ °* alui'anS an 

havlna n ^ *=e°tr2J conductor 6 100 

having a common axis 8 with that of the 
shield conductor lUe transmissTon hne I 

fiStvLrwii^^-^^,.^-^^^^^^^^ 

tit f ^^""^ helically wrapped in 

0 ^"^^K-'^^f''"" ribbon of l^yS 110 

lav;er^^^7*^ -^r" by a fourth 

"b'^" 9 helically wfapped in 
U^e opposite or reverse direction. wWd^ i" 
the same direction of wrap of layer 12 This 
plurahty of layers of helifaUy wlpp^ rf^ 115 

sP^^^g structure and in- 
f^TT l-^Z^"" c^^t^al conductor 6 
and the shield conductor 4 as best shovv^ 1 

laiS^ J"""^!^""" ^ helically wrapped 120 
layer of ribbon and the ribbon itsetf is 
shown m greater detail in FTG. 3 Sfrib! 
bon m this embodiment is coiiposSi of 
continuous uniplanar fUm 20 and a p&S 
of parallel ribs 22 extending perpendiSlv 125 

&h°of th'^^'^-lu^^ film aKlingX 
length of the ribbon. The ribbon is he«! 
cally wrapped around the central conductor 
6 as shown m ETC. 3 in such a way Sa[ 
the tops of the ribs 22 face inwardly The 130 
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cumferenuauy J jayer I't "'"r "^r 

,0. Tbe same S^gj^i ,mra of .!« '^'^ conlinuous lay« inductor 6 and ^ 
This oSsettins of helical die s n. j^^^j^Tgnt. the eo^es ^^^^^ ne 
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k passing directly betv ^^^^.^r, has the ^ ^ne another 
much longer p-". space d" -- r. form a 
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laminate of FIG. 4 may have the same direc- 
tion of wrap, with the turns of each succes- 
oive layer being off-set from the turns of the 
preceding layer in the same direction so as 
5 to prevent a straight-line path for electrical 
breakdown from occurring. 

It is preferred that there is at least one 
continuous layer of film in the space between 
the central conductor and the shield con- 

10 ductor, with this film being spaced from 
each of these conductors. The embodiment 
of FIG. 6 provides this condition for the 
laminate of FIG. 4. The embodiment of 
FIG. 15 provides this condition when the 

15 ribbon 9 is used by itself. 

The spaces 26 between helical turns of 
ribbon permit some sideways movement of 
the ribbon to thereby permit flexibility of the 
transmission line. The presence of this spac- 

20 ing between ribbon edges of the same layer 
is compensated for by the plurality of layers 
of ribbon which prevent a straight-line path 
between conductors 4 and 6 for breakdown 
of the dielectric fluid or air. If the film 

25 edges dofinmg spaces 26 were abutting or 
overlapping the spaces would no longer be 
present, and the wrapping of FIG. 2 would 
be in the form of closed helices. One repre- 
sentative form of overlapping of films is as 

30 shown in FIG. 5. Alternatively, the over- 
lapping edges can be complementarily 
beveled so as to provide a seam which is 
substantially the same thickness as the film. 
Another embodiment of abutting edges is 

35 to have these edges terminate in ribs, such 
as ribs 22 as shown in FIG. 15. This em- 
bodiment tends to prevent sideways move- 
ment of closed helically wrapped tape. 
In still another embodiment of this inven- 

40 tion, transverse notches 40 are provided in 
the ribs 22 as shown in FIG. 7. These 
notches are provided at the longitudinal 
spacing and to the depth desired and can 
terminate intermediate the surface of film 

45 20 and the tops of the ribs 22 as depicted 
in the drawing. The resultant modified rib- 
bon is used in the same manner as herein- 
before described with respect to the ribbon 
embodiments of FIGS. 3 and 4. 

50 The helical channels laterally defined by 
the ribs 22 of the ribbon can be connected 
to a pump (not shown) which can be used 
to continuously flow dielectric fluid along 
the transmission line, thus providing cooling 

55 as well as insulation. Any moisture which 
may enter the transmission line would also 
be removed by providing a source for dry- 
ing the fluid in the pumping circuit. The 
ribbon embodiment of FIG. 7 is particularly 

60 us^ul in this aspect by providing communi- 
cation between the various channels, in case 
one or more of the channels are blocked. 

Instead of helical wrapping, the ribbon 
can be wrapped around the inner or central 

65 conductor in cigarette paper wrap fashion 



as illustrated in FIG. 12 wherein ribbon 50, 
which is similar to ribbon 9, is progressively 
wrapped around the central conductor 6 so 
as to form a seam 52 of the longitudinal 
edges of the ribbon joined toge&er, the 70 
seam extending parallel to the axis of the 
conductor. The ribs 54 of the ribbon 50 
also extend parallel to the axis of the con- 
ductor and are directed inwardly against the 
surface of the conductor as shown in FIG. 75 
13. The seam 52 can be in the form of com- 
plementarily beveled abutting edges 56 
shown in FIG. 13 or other form of abut- 
ment or overlap such as shown in FIGS. 5 
and 15 to form a continuous layer of wrap- 80 
pmg. The edges can be joined together to 
form the seam 52 by such means as adhesive 
or heat bonding. The ribbon can be applied 
continuously to the conductor 6 by moving 
both in the same direction and at the same 85 
speed and by applying localized heating to 
the edges of the ribbon 50 just prior to 
coming together into seam 52. The heating 
is sufficient to melt the portions of the 
edges which come into contact with one an- 90 
other, whereby upon such contact and sub- 
sequent cooling, the heat bond is formed. 
These techniques can also be applied to join 
the edges of ribbon wrapped in a closed 
helix. The wrapping in cigarette paper wrap 95 
fashion can be done with stationary con- 
ductor 6 and ribbon 50. 

Either the central conductor 6 or the tops 
of the ribs 54 can be coated with an adhesive 
or otherwise treated to adhere together, if 100 
desired, in order to aid in stabilizing the 
ribs 54 against the central conductor. 
Alternatively, the embodiment of ribbon 
shown formed in FIG. 4 can be used. Tlie 
ribbon 50 can be notched similar to the 105 
manner shown in FIG. 7, if desired, for the 
purpose of providing communication be- 
tv/een the channels formed between tlie film 
58 and conductor 6, should blockage occur. 

A plurality of layers of ribbon wrapped 110 
in cigarette paper wrap fashion can be used, 
with the longitudinal seam of one layer 
either coinciding with or being offset from 
an adjacent layer. When more than one 
layer of ribbon is used to form a trans- 115 
mission line of this invention, one or more 
layers can be formed by cigarette paper 
wrap and the remainder by helical wrap. 
For example, the layer adjacent the central 
conductor 6 can be ribbon 50 in cigarette 120 
paper wrap fashion and the layer adjacent 
the shield conductor 4 can be ribbon 60. 
similar to ribbon 9, in helical wrap fashion, 
as shown in FIG. 14. An opposite combina- 
tion of wrapping stjjle can be used, or varia- 125 
tions thereon wherein one or more layers of 
one style of wrapping are sandwiched be- 
tween or alternated with layers of tiie other 
style of wrapping which can be used. 

The number of layers of helical wrapping 130 
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cf ribbon used in tbe presenl invention will 
depend primarily on the total insulation 
thickness' required for a ^f-^'^^'f^^ 
stress design and the particular nbbon eni- 

^ Use of multiple layers of ribbon according 
to the present invenUon has led to tlie dis- 
covery of a surprising phenomenon. Orain- 
arily, when a solid dielectric barrier is in- 
10 troduced between spaced electrodes of 
opposite polarity, the operating voltage ot 
the line containing the electrodes is reduced. 
This reduction may not be deUiniental in 
using the line for low voltage applications. 
1 5 such as for communications, but is detrimen- 
tal when the line is operated at high voltages 
for power purposes. Dielectric breakdown 
is generally preceded by corona discharge 
from one of the electrodes. The vojtage at 
20 which this discharge is first detected is called 
the corona inception voltage (CI Insteaa 
of following the trend of reduced corona 
inception voltage obtained for the introduc- 
tion of a single solid dielectric barrier be- 
25 tween electrodes, the presence of multiple 
dielectric barriers dividing the gap at ail 
points radially between the mner conductor 
and the outer coating mto at leasi three 
spaces concentrically arranged increases the 
30 CIV and thereby the maximum operating 
voltage of the line. The dielectric barrier 
is provided by the film of the "bbon and 
the ribs extending from the surface of the 
film space the film of one layer of ribbon 
35 from the film of the ribbon of an adjacent 
layer The number of layers of nbbon wrap- 
ned around the inner conductor required 
to obtain Uie minimum cf three spaces v/iij 
depend on the manner in v/hich the ribbon 
40 is wrapped. V^hen the v/rappmg is m con- 
tinuous layers, three such layers are suffi- 
cient (provides two layers of film spaced 
from each other and for each elecU-ode). 
For example, as few as three contmuous 
45 layers of ribbon (U27 mm. thick cornposed 
of 0 10 mm. thick film havmg ribs 0.:»2 cm. 
apart, 0.25 mm. wide and 1.17 mm. high) 
increase the corona inception voltage over 
a free air gap at atmospheric pressure by 
50 about 7%. As the number of^ layers in- 
creases so does the corona inception voltage. 
For six continuous layers of the same rib- 
bon the increase in corona inception voltage 
is about 25%. V/rapping in discontinuous 
55 layers, such as open helical wrapping m ott- 
set layers, is somev/hat less effective depend- 
in'^ on such factors as degree of openness 
of the wrap, the degree of offset of succeed- 
ing layers, and the direction of v/rap of the 
60 lavers relative to each other. Generally, 
at least four to six such layers is required 
to provide at least two layers cf film spaced 
from each other and from each conduc^r 



provides the minimum of three_spaces in the 
onn between the conductors, io obtam ti:e 

» . t t^^^Aoc^rl /-.n«rn finer 
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at all points between the conductoi^. By 
way of example, the embodiment or rIG. 2 



ma:dnzum benefit in increased cperaUng 
voltaae. resulting from increased raili jengta 
for breakdown and increased Civ. it is pre- /u 
feried that if helical wrapping is used, 
■vhether open or closed, the direction oi 
vrap in each successive layer be m the same 
direction, with the turns ineadi successive 
layer being about 1/3 to 1/2 (width. Oi Uie 75 
ribbon) offset from one another. This con- 
Etruction can be strengthened by an outer 
layer and /or one or more iiitermediate 
layers of heHcal wixipping in the opposite 

'^'whUe 'the embodiments of the drawings 
dis'-ussed up to this point are coaxial cable, 
the present invention is not limited to such 
cable; the principles and features discussed 
are equally applicable to transmission lines, »:> 
such as disclosed hereinbefore, m wludi the 
inner conductor is displaced from Jie^ax'S 
of the outer coalins. whether it be a s.neia 
conductor or an insulator. For example, 
as shown in FIG. 20, each inner conouctor JO 
64 of a sector power cable is wrapped m 
two layers 66 and 68 of ribbon of any type 
disclosed herein in a closed helical fashion, 
wiUi the turns of the helices being in the 
same direction and offset from inner layer 93 
to outer layer. The three wrappeo inner 
conductors 64 are encased in a single shield 
conductor 70. By way of another example, 
as shown in FIG. 21, each inner conductor 
?-> of a balanced twin lead communications luu 
cable is wrapped in a single layer 74 ot 
ribbon of any type disclosed herein in cigar- 
ette paper wrap fashion and encased to- 
geUier in a single insulation jacket 76 ot 
polymeric material. 

A still further aspect of the present in- 
vention is the use of the ribbon disclosed 
hereinbefore to replace the multiple layere 
of helically wound tape used m tne 
"Stvroflex (trade mark) cable ccmstruction. UO 
^ sho^vn in FIG. 22. this type of construc- 
tion generally comprises central cond»ctor 
78 coaxially spaced from a shield conductor 
80 bv an opin heUcal wrapping 82 which 
normally consists of coextensive Jayers of Hi 
tape. According to the present invention, 
this tape is replaced by ribbon, such as 
ribbon 9, whereby the wrapping ?2 consists 
of multiple layers 84 of such "bbon; ror 
example, seven coextensive layers as shown 120 
for the cut-away portion of the wrEppin* 
8° in FIG 22. For simplicity, a layer of 
reversed open-helically wrappal tape wh:cn 
may be sandwiched between the omer layer 
of wrapning 82 and conductor 80 lias been 125 
omitted;' but this, too. can be replaced by 
the ribbon disclosed herein. The layers. t4 
of r'-bbon can be laminated to one anotlier 
bv such methods as heat bonamg or iising 
adhesive between layers. The open helix 130 
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of the "Styrofiex" construction diiTers from 
die open helix of the wrapping of layers 
10, 12, 14 and 16 of FIG. 2 by not having 
at least one layer of film present at all 
5 points between the conductors of the cable. 
With respect to the other components of 
transmission lines constructed according to 
the present invention, the inner conductor 
can vary in cross-sectional shape from the 

10 circular shape, and can be hollow and/or 
of stranded wires instead of solid, and the 
ribbon will still generally conform to the 
surface of the conductor. The inner con- 
ductor can also be made of a plurality of 

15 wires encased in a wrapping or coating of 
semi-conductive material, such as poly- 
ethylene filled with carbon black, in order 
to even out the electrical field surrounding 
the central conductor. The outer coating 

20 can be in such forms as a solid tubing of 
annular cross-section or tubing formed by 
wrapping conductive material helically or 
otherwise around the outer layer of ribbon. 
The outer coating can also be corrugated to 

25 aid in the flexibility of the transmission line. 
The outer coating may contain a layer of 
semi-conductor material. Another form of 
outer coating is that which is composed of 
a layer of semi-conductor material having 

30 conductor wires positioned on the outer sur- 
face thereof whether in a plurality of straight 
paths or helical paths. The conductive 
material for use as both the shield conductor 
and central conductor will be the conven- 

35 tional conductor materials, most commonly 
copper. A shield conductor will generally 
be jacketed in an insulating material (not 
shown), such as polyethylene, in sufficient 
thickness, e.g., 0.6 cm. to. as much as pos- 

40 sible. exclude moisture from laterally en- 
tering the transmission line, and to retain 
the dielectric fluid therein should it be a 
gas. 

The transmission line of this invention can 

45 be made by standard manufacturing tech- 
niques such as related to wrapping and ex- 
trusion jacketing. The resultant transmis- 
sion line is sufficiently strong in transverse 
strength to be capable of withstanding reel- 

50 ing and reasonable handling without 
disturbing the disposition of the conductors. 

The ribbon for use in wrapping either 
in helical or cigarette paper wrap fashion in 
accordance with this invention can be made 

55 by standard extrusion techniques employing 
an extrusion die opening having approxi- 
mately the shape of the cross-section desired 
for the ribbon. The number and depth of 
the ribs and the film thickness can be varied 

60 as desired within machine capability limits 
fand within the bulk density limitation 
described above). 

A preferred method and apparatus for 
making the ribbon is described hereinafter 



with reference to FIGS. 8 to 11. (A method 65 
and apparatus for making a preferred rib- 
bon is also described and claimed in our 
co-opending Application No. 23836/67 
(Serial No. 1,174,287).) In FIG. 8 is shown 
an extruder 100 equipped with a hopper 70 
102 for receiving thermoplastic resin and 
melting it under pressure. A die 104 re- 
ceives the pressurized molten resin through 
its rear 0"dden) side from the extruder 
and passes the resin along a path 106 which 75 
terminates in an outlet in pressure-seal re- 
lation with a rotating patterned roll 108 and 
directs the resin substantially free of pres- 
sure drop and in the absence of air into 
the pattern of the roll. The roll 108 con- 80 
tinuously moves the molten resin away from 
the outlet of path 106, thereby forming a 
continuous molded web 110 having a pat- 
tern which is complementary to that of the 
roll. The web 110 is chilled by a flume or 85 
water spray 112, and after sufficient contact 
with the roll 108 which is internally cooled, 
the cooled web is removed from the roll 
by take-off rolls 114 aided by a stripper 
roll 116 and, optionally, mold release agent 90 
applied by spray nozzles 118 to the surface 
of the roll prior to passage under die 104. 
Longitudinal dividing or trimming of web 
110 is accomplished, if desired, by one or 
more blades 120 positioned between the 95 
take-off rolls 114 and one or more reels 
121 (only one shown). 

To further describe the die 104 and pat- 
terned roll 108, which comprise the molding 
apparatus, FIG. 9 shows one embodiment 100 
in which die 104 contains a cavity 124 serv- 
ing as path 106 (FIG. 8) and which is sup- 
plied with molten thermoplastic resin 126 
through inlet pipe 127 by extruder 100. Die 
104 is heated to a temperature above the 105 
resin melting temperature of the particular 
resin being used, by electrical heating ele- 
ments 140 extending into corresponding 
wells in the die. The resin melting tempera- 
ture is the minimum temperature at which 110 
a fresh sample of resin leaves a molten train 
as it is moved slowly across a heated metal 
surface. This is also sometimes called the 
stick temperature. Cavity 124 terminates 
in a slot-shaped outlet 128 extending across 115 
the surface of roll 108. The rearward and 
forward edges of outlet 128 are defined by 
a die plate 130 and a doctor blade 132, 
each adjustably spaced from roll 108 and 
secured to die 104 by bolts 134 extending 120 
through slots 136. The pressure upon the 
molten resin 126 in the cavity forces the 
resin through outlet 128 and into the roll 
pattern represented by circumferential 
grooves 138 (only one shown). The cavity 125 
124 and outlet 128 are substantially free of 
constriction so that the rpressure on the 
resin at the surface of roll 108 is substan- 
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tially the same as the pressure on tlie resin 

"l!,ei-Sl;s 130 mold the ribs extending 
from one surface of the web .110. T.ie op- 
5 posite surface of the web .s tprmed by 
doctor Wade 132 which is adjus'^biv s.a«d 
from roll 108 to give tlie web <^cl^^ 
dSed. The v.eb 110 is thus m W| form 
of ribbon such as shovn m FIG. 
10 the longitudinal dividing by blades l^u fiv- 
in- the ribbon width desired.^ ihe aocior 
blSde 132 can be notched to lorrn ribs o.i 
the oDposite surface of the v/eb. :- 
In further detail doctor blaae io2 sS 
15 h4ted by an electrical heating dement 141 
uSliy to a temperature which is equal to 
or^^ter than the temperature maniiained 
t 104.. The outer face 143 of the doc.or 
blade departs sharply from the pa^ o^<^ 
20 no so as to avoid sticking oi the %/ei. to 
lie hot doctor blade. Roll 08 is coded to 
a temperature which is at least 10 C. less 
than the melting temperature of t.ie resui 
being molded. s5ch as by passing a coohng 
25 m^dfum through an intenor pa- sage lOv. 
in FIG. 10 essentially the same equip- 
ment arrangement as in FIG. 9 is use^ 
St that slot-shaped outlet I2S includes 
f ^dge-shaped passage 290jf f.f Ve 
30 the direction of rotation or loll 108- T,,.e 
wed«e-shaps of the passage 200 is loimed 
by doctor blade 132'having a slant surface 
'>02 facing the roll 108. Movement of the 
surface of roll 108 past the opening 128 
35 drags molten resin into the P^f^lSe -y'^ 
wherein the flowing resin is forced imo tlie 
mttera of roll 108." This drag flow pre^ure 
in the passage 200 at the surface 
of the roll augments the pressure on tlie 
40 resin v/ithin cavity 124 of the die. 

The wedge-shaped passa^ 2D0 can d„ 
of any configuration which augments tne 
molding pressure supplied by the «f-tr^den 
Generally, the passage 200 will take the 
45 form of converging surfaces, with the roll 
pattern forming one of these surfaces. Tlie 
pressures required on molten themioplastiu 
resin in cavity 124 can be less Uian the 
fall extrusion pressure of the eKtnider. de- 
50 pending upon which resin is employed ana 
upon operating conditions. Tlie pressure in 
tlie cavity 124. however, is substantially the 
same as the pressure on the resin coming 
info contact with the pattern of tte roll 
55 surface. When such pressure is insufficient, 
the drag flow arrangement of FIG. 10 can 
be used to increase the force present for 
continuously filling the pattern with molten 

60 '^The molding apparatus of FIGS. 9 and 
10 can be provided with water spray 112 
and mold release spray nozzles 1 18 as shown 

pressure-seal relation betv.^en the out- 
65 let 128 for the molten thermoplastic resin 



aPd roll 108 Is maintained to that the ?res- 
sui ^l the resin in cavity 124 and the drag 
Pow pressure, when the apfjaratus of Fljj- 
10 is employed, are available to force the 
esin into the pattern of roll ^f^J^f/^ 
tinuous and high speed of production basis 
The pressure-sea! relation is obiamed m 
part, by adjusting the doctor blade. 1^2 to 
constrict the flow space for the resin as it 
leaves outlet 128 and by having a suri^cient 75 
rate of web formaiion for the viscosity of 
the particular resin being mdJed to prevent 
back flow under the die plate ;->0 wbtCu 
feierally sjxiced 2 to !0 rails from the si.- 
face of roll 108. . , . , 

FIG 11 shov.'s. in indeterminate -.auin, 
means' for laterally confining the inolien 
thermoplastic resin as it leaves oi^fW'fS,/-" 
so as to complete the pressure-seal relation. 
In FIG. 11. the doctor blade 132 is shown b5 
in operative position and provided with 
heating element 141. T^'V^'^^f utr° 
the roll lOS is provided with a paiter.i. 
shown in enlargement, of citcuuiierential 
grooves 138 terminating at shouiaers KO .0 
formed between the surface ol the roil and 
cySical ends 162 of redticed diameter 
extendina from each end of the roll. >he 
nSt« "rSsin from cavity 124 is molded m^o 
a v/eb which e;:tends entirely across the J3 
roll pattern. Further sideways flow oi t.ie 
re in^ however, is prevented by a pair c^^ 
end plates 166 adjustably spaced from rol 
103 by bous 168 passing tlirough slots ot 
shown) in .he end plates and tightened into 100 
die 104. The end plates 166 each he close 
to the shoulders 160 and have a lov^r 
arcuate surface lying close to the co"espoig- 

ing surface of cyl"-'l"«="^«"'*% ^fc' 'Vo 105 
clSse spacing, on the order of about 50 105 
microns, permits a small amount of molten 
lesin to enter the tortuous patn around 
sSders 160 beiore chilling of the mm 
occurs This chilling prevents sidev-ays 
kakSe of additional resiii and loss of mcjd- 110 
in-T oressure. A low friction pressure sealing 
sv?tem. without the need for metal-to-metal 
contact or necessity for further lubrication, 
is provided by this sma 1 amount oi rean 
entering between end plates 165 and roll 115 
108 The end plates 166 also form the 
lateral sides for cavity 124 and the die out- 
let 128 which is coextensive therewitli. 

Means can also be Provided for cnanging 
tiie spacing between the die 104 and the roll 120 
108 to compensate for pressure fluctuations 
caused by Extruder 100 so as to maintain 
a constant force on the resm entering the 
roll pattern. Exemplary of such means is 
Se pfvotal mounting of die 104 about a 125 
stub shaft 170 which is on center wiih tlie 
fe^d line between extruder 100 and the die. 
and providing a lever arm 172 having the 
Sr& weiglU 174 suspended therefrom as 
sliown in FIG. 8. Excessive nioldmg p.cs- 1^0 
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sure is relieved by the die 104 rotating 
away from roll 108. Upon return of the 
pressure to normal, weight 174 restores the 
die 104 to its former position to produce 
5 web of the desired thickness. 

While in all the foregoing disclosed em- 
bodiments, the ribs run parallel to the 
length of the ribbon, the present invention 
is not limited to the use of such ribbon. 

10 Suitable ribbon can be made by the fore- 
going described apparatus, in which the ribs 
are inclined from or perpendicular to the 
length of the ribbon, or form connected or 
disconnected patterns of polygonal shapes, 

15 such as rectanglues, triangles or hexagons, 
or curvilinear shapes such as circles, by hav- 
ing corresponding grooves in the surface of 
the roll 108. FIGS. 16 and 17 show a rib- 
bon 86 helically wrapped around an inner 

20 conductor 87, with the ribbon consisting of 
a film 88 and ribs 89 extending therefrom 
at an angle of about 80° with the length 
direction of the film. In this embodiment, 
the angle which the ribs make with the 

25 length direction of the ribbon is chosen so 
that the ribs run substantially parallel to 
the inner conductor 87 when the ribbon is 
helically wrapped therearound. The par- 
ticular angle chosen to give this result will 

30 depend primarily on the diameter of the 
inner conductor and the helix angle of the 
wrap. Instead of helical channels, these ribs 
89 form channels which extend substantiaUy 
parallel to the axis of the inner conductor, 

35 with the channels being somewhat irregular 
from turn to turn in each layer of helical 
wrapping if the ribs thereof fail to line up. 
The path of air or dielectric fluid along the 
length of the cable is considerably shortened 

40 by this embodiment. FIGS. 18 and 19 show 
another embodiment of ribbon, namely rib- 
bon 92 consisting of film 93, and a network 
of ribs 94 and 95 running parallel and per- 
pendicular, respectively, to the length of the 

45 ribbon, helically wrapped around inner con- 
ductor 96. This embodiment of ribbon is 
useful when air or dielectric fluid flow is 
not required. These embodiments of ribbon 
can be used in different styles of wrapping 

50 and can be modified along the lines of FIG. 
4 and/or FIG. 5. When a film 30 (FIG, 4) 
is laminated to the tops of ribs in a con- 
nected or network pattern, closed ceils are 
formed between the film 30 and film of the 

55 ribbon. 

Details illustrating the manufacture of 
ribbon for use in accordance with the 
present invention are as follows: The pat- 
terned roll has a 15.2 cm. wide pattern in 

oO its surface consisting of grooves 0.25 mm. 
wide by 1.27 mm. deep and spaced about 
3.2 mm, apart running parallel to the direc- 
tion of rotation of the roll. The roll is 
maintained at a temperature of about 80**C. 
o5 and is rotated at a surface speed of about 



6.1 metres/min. Linear polyethylene is 
forced at 275 "C. and at a pressure of about 
18 atm. into the pattern of the roll from 
a pivotally mounted die having its outlet 
128 and doctor blade 132 maintained about 70 
0.10 mm. from the roll during operation 
by a weight acting through a 76 cm. lever 
arm. No mold release agent is used. The 
resultant web or ribbon consists of con- 
tinuous film measuring about 0.10 mm. in 75 
thickness and having integrally molded 
parallel ribs spaced 3.2 mm. from each 
other, the ribs measuring 0.25 mm. wide 
by 1.27 mm. deep. 

A ribbon is made in the saAie equipment 80 
but from polyhexamethylene adipamide (66 
nylon) instead of polyethylene, by operat- 
ing the patterned roll at 150"C. and a mold- 
ing temperature of 270X. and pressure of 
7.8 atm. 85 

The same equipment is used to make a 
ribbon from a copolymer of tetrafluoroethy- 
lene and hexafluoropropylene by operating 
the patterned roll at 190°C. and a molding 
temperature of 320''C. The copolymer is 90 
described in Example V of U.C. Patent No. 
3,085,083 to Schreyer (15% by wt. of hexa- 
fluoropropylene) containing about 88% 
-CFoH end groups and having a specific 
melt viscosity of about 9 x 10* poises at 95 
380°C. The monomers are copolymerized 
in accordance with the procedure of Ex- 
ample I of U.S. Patent No. 2,946,763 to 
Bro et al. 

A laminate is made from the polyethylene 100 
ribbon formed as just described by extrud- 
ing a 0.10 mm. polyethylene film from a 
film die at 275 "C. onto a chill roll operat- 
mg at 88 °C and forming a 1.42 mm. nip 
with another roll and simultaneously pass- 105 
mg the film and web, rib-side towards the 
film through the nip to thereby force the 
film against the tops of the ribs to form a 
laminate containing a core of parallel ribs. 

A length of coaxial transmission line is 110 
made using a 2.54 cm. wide ribbon of the 
polyethylene laminate just described. The 
ribbon is helically wrapped with abutting 
turns around a central conductor (1.27 cm. 
in diameter) in seven layers, with the direc- 115 
tion of wrap of each successive layer being 
reversed and with the turns of the layers 
being off-set from one another to prevent a 
straight-through path for dielectric break- 
down. Each succeeding layer holds the pre- 120 
vious layer in place. Aluminum foil is 
helically wrapped around the outermost 
layer of ribbon to serve as the shield con- 
ductor. The ends of this foil are held in 
place by taphig. The dielectric constant and 125 
dissipation factor of the insulation structure 
(seven layers of ribbon containing air in the 
spaces between the ribs), as measured ac- 
cording to ASTM D 150-65T, are 1.4 and 
0.00003, respectively. When the same trans- 130 
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mission line is made, except that the airec- 
aon of helical v/rap of each la3^er is m Uie 
same direcaon and the turns of the layers 
a^- 1/3 offset from one anoUier. the hne 

5 has a higher breakdown voltage. 

i polyethylene ribbon 1-66 .'^^^'^^^^J^ 
consisting of a continuous nlrn 0.10 n^m. 
thSf aiSi integrally molded parallel nbs 
183 mm. apart. 0.25 mm. wide ano 

10 1 27 mm decD is used to form a smgle laye« 
if ciS^tte Rper v/rap around a cent. ^ 
o^nductor 2.5 mm. in diameter. Jhe edges 
S the ribbon come together formmg a butt 
foint ^d are heat bonded together. A 

15 Sncal^^PpiDg of alumimmi foil aroua^^ 
the layer of ribboa is used to form tne 

*g^^ny,11^ribs of the ribbon are un^ 
formlv soaced as far apart as possiL e to 

20 iSv bulk densities yet while pi^^^.^^^ 

<:uflicient transvei-se strength. The strengcn 
reqiSeSTviU be dictated by the v^appmg 
^vle to be employed, i.e., behcal or agar- 
5te paper S ^ v/ell as by the number 

25 of llye^ of vvrapping and the paifctita^r 
tarer conductor and outer coatmg emplOj,ed^ 
Tlie balk density of the rib stratum of U^e 
ribboa can be less than 20% and prefei- 
ablv less than 12% of the density oi tne 

30 Symeffc nmterial from which the nbbon 
rS Preferably, the bulk density or the 
ribbon is less than 20% of the aensuy of 
Uie polymeric material from . v/hidi u is 

made. Representative <J»j°"'e 'd'o^ss 
35 bons which can made by J^e process 
described hereinbefore are as follows, au 
dimensions being in cCTtimeters^ 
WIDTH HEIGHT ^ACgra HLM 

40 RIBS RIBS WBS Ngg 

nmo 0 064 0.186 0.00 Jo 
? S:597 0.272 0.0064 
n ai ^ 0 1 42 0.38 1 O-OOo^ 

SSI Slg 0.432 0.0102 
A^z (\m<^ 0 127 0.356 0.0^03 

Ooio oi?4 0316 .0.0190 
The dielectric polymeric materials wHicJi 
are useful m making ribbon lor use in the 
pksent invention are g^^rally those jvluch 
50 can be formed into tlie ribbon shape b> sucn 
processes as extruding, molding or casung. 
As to electrical character, the polymeric 
material should have a die'ectnc constant 
of less than 10 and preferably less than 
55 5 5, and a dissipation factor (energy loss) of 
no greater th^ 0.01. and preferably no 
greater than 0.001. . .„^,„j-. 

Suitable polymeric materials include, 
polyurethanes. natural and syndietic rub- 
60 beri such as polychloroprenes, EPT (ethy- 
Sl-propylene*^ terpolymer) .sul/ur-curable 
elastomers such as described m U.S. Patent 
No. 2,933.480. and copolymers oi hCAa- 
fluoropropylene with vinylidene fluoride and 
65 opUonally tetrafluoroethylene: thermoplastic 



resiiis including polystyrene, high impact 
po&i-^ne, ABS kin. ihe saturated hydro- 
farbSf polymers, such as polyethylene, linear 
or branched, polypropylene and copolymers 
thereof ioncners such as descnosd m 70 
cSadian pSnts 674,595 and 713,631. both 
to R Y/ Reei; copolymers or ethylene v.'itji 
on KV-un^aturated carboxylic acid such as 
Ss^ibed Tn British Patent 963.380 to Du 
Pont, and blends diereof with saturated 75 
byd.-ocarbon polymers and such blends con- 
taining co-crystallized oxide v/ater ac.iva.ed 
crosE-Tinking agents such as described m 
British Patent No. 998.439. granted Noveni- 
b-^r 3 1965. to Halliweil et al.; nalogenated 80 
or perhalosenated olefin polymers, such as 
polymers "of vinyl chloride vmyiic^^ne 
chloride. cblorotriSuorocthylene. vi.iyi 
fluoride and vinylidene fluorKle and melt 
fabricable tetrafluoroethylene Polymsrs jn- 85 
cludins such co-monomers as hexafluoro- 
nropyiene, peiHuoroalkyl vmyl etlier, e.g., 

^^^fcopro^pyl vinyl f - «^|^-"°So 
described and claimed in U.S. Patent wo. 
t308.107 to Selman and Squire; .polyvinyl 90 
acetate and copolymers t!>ereoV"^„^nv 
ated hydrocarbon polymers ^nd optionany^ 
the acid copolymers ot British Patem 
953,380 to Du Pont; P?iy™«rs "f 05 
saturated carbox.vlic acd, f . as poly- 95 
methyl-rneihacrylate; the P^ly^i^ges ^"^h 
as polyJiexamethylene adipamide (66 ny on), 
polyhexamethylene sebacamide (610 nylon), 
po ycaprolactam (6 nylon), copolyniers^ 
fonomers and/or saturated hydrocarbon 100 
rolyiners; polyoxyniethylene polymer and 
SS^^r- P°'y'=^^'''°"^*^= polysultorie; and 
Seuiylene terephtfcalate. These polymenc 
mateiiais can contain any of the various ad- 
diUves used to modify the resin, such as 105 
aSdants. fillers rfntorcing agents, s^^^ 
as fiber glass, hydrolytic and therm^ 
stabilizers and colorants, so long as the 
electrical requirements herem set forth are 

" The oarticular molding temperatures em- 
pl^S^rmaking ribbon wUl depend upon 
sucfi operating conditions as the speed of the 
pat emed rolf 108 and the intricacy of the 
pattern therein. Typical moldmg. teinper.- 115 
fares for some of the suitable 

follows: linear Pfy^'^y^^^,J9?-r^lSy^^ 
branched polyethylene 180-190 L.. ppiy 
l^y^L 2(^^-250;C; polysty^^^ 
^SO^C ' polyvinyl chloride 150-170 C, ana i_w 
66 nylon 260-350"C. . , 
The present invention provides se/eral 
advantafes over the art Though the nbbon 
emploved in this invention as the dielec.^c 
spacer material in power cables is appl^d 125 

by ordinary and con^="»^"l,'"^"S I thl 
techniques, such pov^er cables exhibit Uie 
advantases of both the solid and fluid dielec- 
fric materials of the art. without the dem- 
men is inherent therein. Moreover, power 1^0 
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cables according to this invention possess 
mechanical strength in the transverse direc- 
tion. 

WHAT WE CLAIM IS: — 
5 I. A line for transmitting electrical 
energy, which comprises (1) an outer pro- 
tective coating which is either a shield con- 
ductor or an insulator. (2) at least one inner 
conductor, and (3) a dielectric insulating 

10 spacer structure which positions the inner 
conductors within the outer protective coat- 
ing and insulates the inner conductors from 
one another when more than one inner con- 
ductor is present, the spacer structure com- 

15 prising at least one layer of ribbon wrapped 
around the or each inner conductor, the rib- 
bon being formed from a dielectric poly- 
meric material and comprising a continuous 
film and a plurality of ribs extending from 

20 at least one surface of the film, the bulk 
density of the ribbon being less than 30% 
of the density of the polymeric material 
from which it is formed. 

2. A transmission line according to claim 
25 1 wherein the ribbon is wrapped helically 

around the or each inner conductor, the 
ribs of the ribbon extending along the longi- 
tudinal direction of the ribbon. 

3. A transmission line according to claim 
30 2 \yherein the ribbon is wrapped in closed 

helical fashion around the inner conductor. 

4. A transmission line according to claim 
3 wherein the edges of the ribbon in suc- 
cessive turns overlap one another. 

35 5. A transmission line according to any 
of claims 2 to 4 wherein the spacer struc- 
ture comprises at least two layers of the 
ribbon, successive layers of ribbon being 
helically wrapped in opposite directions. 

40 6. A transmission line according to any 
of claims 2 to 4 wherein the spacer structure 
comprises at least two layers of the ribbon 
helically wrapped in the same direction, the 
turns of each layer being offset from the 

45 turns of the adjacent layers. 

7. A transmission line according to claim 
1 wherein the ribbon is wrapped around the 
or each inner conductor in cigarette paper 
wrap fashion. 

50 8. A transmission line according to claim 
7 wherein the abutting edges of the ribbon 
are heat bonded together. 

9. A transmission line according to claim 



7 or 8 wherein the tops of the ribs are 
adhered to the surface of the inner con- 55 
ductor(5). 

10. A transmission line according to 
claim 1 wherein the spacer structure com- 
prises at least two layers of the ribbon, at 
least one of the layers of ribbon being 60 
helically wrapped and at least one of the 
layers of ribbon being wrapped in cigarette 
paper wrap fashion. 

11. A transmission line according to 
claim 1 wherein the ribs extend transverse 65 
as to divide the gap between the or each 
inner conductor and the outer conductor 
into at least three concentric spaces, 

12. A transmission line according to 
claim 1 wheredin the ribs extend transverse 70 
to the length direction of the ribbon and 

the wrapping of the ribbon around the or 
each inner conductor is helical. 

13. A transmission line according to 
claim 12 wherein the ribs extend substan- 75 
tially parallel to the axis of the irmer con- 
ductor. 

14. A transmission line according to 
claim 1 wherein a plurahty of layers of 

the ribbon are wrapped around the or each 80 
inner conductor, each layer being in the form 
of an open helix and the layers being co- 
extensive with one another. 

15. A transmission line according to 
any of claims 1 to 14 wherein a continuous 85 
film is laminated to the tops of the ribs of 

the ribbon. 

16. A transmission line according to 
any of claims 1 to 15 wherein the ribs of 

the ribbon are transversely grooved to pro- 90 
vide communication between the spaces on 
either side of the ribs. 

17. A transmission line according to any 
of claims 1 to 16 wherein the polymeric 
material is polyethylene or a copolymer of 95 
tetrafluoroethylene and hexafluoropropylene. 

18. A transmission line according to 
claim 1 substantially as herein described 
with reference to any of Figures 1. 2, 3, 5, 

6 and 12 to 22. 100 

A. A. THORNTON & CO.. 
Chartered Patent Agents, 
Northumberland House, 
303/306 High Holbom. 
London, W.C.1, 
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